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(54) SOI semiconductor device and method for manufacturing the same 



(57) A SOI semiconductor device comprises: a SOI 
substrate in which a buried dielectric film and a surface 
semiconductor layer are laminated; at least one well 
formed in the surface semiconductor layer; and at least 
one transistor which is formed in the well and has a 
channel region and source/drain regions in the surface 
semiconductor layer, wherein the well is completely iso- 



lated in the su rface semiconductor layer and has a w II- 
contact for applying a bias voltage to the well, the tran- 
sistor is isolated by a device isolation film formed in a 
surface of the surface semiconductor layer, the channel 
region is partially depleted, and the surface semicon- 
ductor layer under the source/drain regions is fully de- 
pleted. 
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Descripti n 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a SOI semi- 
conductor device and a method tor manufacturing the 
same, and more particularly to a SOI semiconductor de- 
vice in which driving capability in an active state is im- io 
proved and electric current consumption in a standby 
state is reduced, and a method for manufacturing the 
same. 

2. Description of the Related Art 1S 

[0002] In recent years, as a substrate to be used for 
achieving high speed operation and high integration, a 
so-called SOI substrate, which is a substrate including 
a very thin semiconductor layer formed on a buried di- 20 
electric film, such as a substrate having a single crystal 
silicon layer, is attracting public attention. 
[0003] If a complementary MISFET is formed on the 
SOI substrate, a considerable reduction of any of 
source-substrate capacitance, drain-substrate capaci- 
tance and gate-substrate capacitance is achieved due 
to the thin single crystal silicon layer, as compared with 
a conventional MISFET formed on a bulk silicon sub- 
strate. Therefore, the high speed operation of an inte- 
grated circuit may be achieved. Also, since the buried 
dielectric film is present, it is possible to form a very nar- 
row device isolation region between two adjacent tran- 
sistors as compared with the bulk silicon substrate, 
thereby achieving a further high integration. 
[0004] On the other hand, the SOI substrate has a 
drawback that, if the integrated circuit is to be operated 
with a very low power voltage of 1 V or less, a leak cur- 
rent in the standby state is still large, leading to a large 
electric current consumption. 

[0005] In order to solve this problem, Japanese Un- 
examined Patent Publication Nos, HEI 7(1995)-302908 
and HEI 8(1996)-125187 and the like propose a semi- 
conductor integrated circuit including a so-called four- 
terminal device in which a body contact is formed in 
each transistor formed on the SOI substrate.. 
[0006] The semiconductor integrated circuit including 
the four-terminal device is formed on a SOI substrate 
40 in which a buried dielectric film 42 and a very thin 
single-crystal silicon layer 43 are formed on a supporting 
substrate 41 , as shown in Fig. 12. On the single-crystal 
silicon substrate 43 are formed a PMOSFET 47 mainly 
composed of a gate electrode 46, a gate dielectric film 
and source/drain regions 48, and an NMOSFET 57 
mainly composed of a gate electrode 56, a gate dielec- 
tric film and source/drain regions 58. These FETs are 
isolated by a d vice isolation film 44. Furth r, body con- 
tacts 45, 55 ar formed near the PMOSFET 47 and the 
NMOSFET 57. . 



[0007] The four-terminal device in a semiconductor 
integrated circuit having such a construction has an ad- 
vantage that an electric potential of a channel portion of 
each transistor may be controlled by applying a voltage 
to the body contacts 45, 55, whereby a threshold voltage 
which is one of the factors determining the transistor 
characteristics, for example, may be dynamically 
changed. 

[0008] However, the four-terminal device having the 
body contacts 45, 55 has a drawback that the cell ar a 
is increased as compared with a conventional MOSFET. 
[0009] Also, Japanese Unexamined Patent Publica- 
tion No. HEI 7(1995)-74363 proposes a semiconductor 
device in which one well contact is formed for a plurality 
of MOSFETs instead of forming the well contact for ach 
MOSFET, so as to achieve reduction of the cell ar a. 
[0010] However, in this semiconductor device, a v ry 
thin silicon film having a thickness of 50 to 100 nm is 
used as the surface semiconductor layer, and moreover, 
the electric potential of the well is fixed by using the well 
contact, so that the leak current in the standby stat is 
still large, leading to large electric current consumption. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been made in view 
of these circumstances and the purpose thereof is to 
provide a SOI semiconductor device and a method for. 
manufacturing the same in which driving capability in an 
active state is improved, electric current consumption in 
a standby state is reduced, and also the cell area of the 
semiconductor device is kept to a minimum, thereby 
achieving further scale reduction. 
[0012] Accordingly, the present invention provides a 
SOI semiconductor device comprising: a SOI substrate 
in which a buried dielectric film and a surface semicon- 
ductor layer are laminated; at least one well formed in 
the surface semiconductor layer; and at least one tran- 
sistor which is formed in the well and has a channel re- 
gion and source/drain regions in the surface semicon- 
ductor layer, wherein the well is completely isolated in 
the surface semiconductor layer and has a well-contact 
for applying a bias voltage to the well, the transistor is 
isolated by a device isolation film formed in a surface of 
the surface semiconductor layer, the channel region is 
partially depleted, and the surface semiconductor layer 
under the source/drain regions is fully depleted. 
[0013] Also, the present invention provides a method 
for manufacturing a SOI semiconductor device having 
the above-mentioned construction, wherein complet 
isolation of the well is achieved by forming a dielectric 
film that reaches the buried dielectric film in a predet r- 
mined region of the surface semiconductor layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] The present invention will be better understood 
from the following detailed description of preferred em- 
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bodiments of the invention, taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a schematic perspective cross-sectional 
view showing an essential portion of a SOI semi- 5 
conductor device according to the present inven- 
tion; 

Fig. 2 is a schematic perspective cross-sectional 
view showing a step for manufacturing the SOI 
semiconductor device of Fig. 1 ; 
Fig. 3 is a schematic perspective cross-sectional 
view showing a step for manufacturing the SOI 
semiconductor device of Fig. 1 ; 
Fig. 4 is a schematic perspective cross-sectional 
view showing a step for manufacturing the SOI 
semiconductor device of Fig. 1; 
Fig. 5 is a schematic perspective cross-sectional 
view showing a step for manufacturing the SOI 
semiconductor device of Fig. 1 ; 
Fig. 6 is a view showing Id-Vg (subthreshold) char- 
acteristics of a transistor when a well bias voltage 
is applied in the SOI semiconductor device of the 
present invention; 

Fig. 7 is a view showing subthreshold characteris- 
tics of the transistor when well bias voltages differ- 
ent between an active state and a standby state are 
applied in the SOI semiconductor device of the 
present invention; 

Fig. 8 is a view showing effects of decrease in a cell 
area of the SOI semiconductor device of the present 
invention; 

Fig. 9 is a conceptual view for explaining the thick- 
ness of a surface semiconductor layer, the depth of 
source/drain regions and the width of a depletion 
layer in the SOI semiconductor device of the 
present invention; 

Fig. 10 is a view for explaining a relationship be- 
tween the width of the depletion layer and voltages 
(V d -V w ) in the SOI semiconductor device of the 
present invention; 

Figs. 1 1 (a) to 1 1 (c) are views showing another plan 
view, a cross-sectional view and an equivalent cir- 
cuit diagram, respectively, of the SOI semiconduc- 
tor device of the present invention; and 
Fig. 12 is a schematic perspective cross-sectional 
view showing a conventional four-terminal device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 5] A SOI semiconductor device of the present in- 
vention is composed of a SOI substrate in which a buried 
dielectric film and a surface semiconductor layer are 
laminated; at least one well formed in the surface sem- 
iconductor layer; a well complete-isolation film that com- 
pletely isotat s the well (the isolation may be achieved 
by mesa isolation); a well contact for applying a bias volt- 
age to the well; at least one transistor formed in the well; 



and a device isolation film for isolating the transistor. 
[001 6] The SOI substrate may be a substrate typically 
form d by laminating a buried dielectric film and a sur- 
face semiconductor layer successively on a supporting 
substrate, so as to achi ve low pow r consumption and 
high speed operation, and may be a substrate used as 
a bonding SOI (BESOI) or SIMOX (Separation by Im- 
plantation of Oxygen) type substrate, or the lik . The 
supporting substrate may be selected from a vari ty of 
substrates such as a semiconductor substrate of silicon, 
germanium or the like, a compound semiconductor sub- 
strate of G a As, InGaAsorthe like, and an insulating sub- 
strate of sapphire, quartz, glass or plastics. Here, the 
supporting substrate may include an element such as a 
transistor or a capacitor, or a circuit formed on the sup- 
porting substrate. 

[001 7] The buried dielectric film may be, for example, 
an Si0 2 film or an SiN film. The thickness of the buried 
dielectric film may be suitably adjusted by consid ring 
the characteristics of the semiconductor device to be ob- 
tained, the magnitude of the applied voltage in using th 
obtained semiconductor device or the like. The thick- 
ness of the dielectric film may be, for example, about 50 
to about 400 nm. 

[001 8] The surface semiconductor layer is a semicon- 
ductor thin film that acts as an active layer for forming 
the transistor, and may be formed with a thin film made 
of a semiconductor such as silicon or germanium, or a 
compound semiconductor such as GaAs or InGaAs. 
Among these, a silicon thin film is preferable. It is nec- 
essary that the surface semiconductor layer has a film 
thickness T serni which is smaller than or equal to a sum 
of a depth Xj of source/drain regions of a later-men- 
tioned transistor and a width W dep | of a depleted lay r 
under the source/drain regions from a junction interface 
and larger than or equal to about 100 nm, i.e. 

about 100 nm £ T sem| < X. + W^. 

[001 9] Specifically, the thickness of the surface sem- 
iconductor layer may be selected within the range of 
about 100 nm to 400 nm. Here, although both Xj and 
W dep j may be suitably adjusted in accordance with the 
characteristics of the semiconductor device to be ob- 
tain ed^ they may be set up to about 200 nm. Further, the. 
width W dep , of the depleted layer are influenced by the 
impurity concentration of a later-mentioned well, the 
magnitude of a bias voltage V w applied to the well of 
the obtained SOI semiconductor device, and further the 
dielectric constant e of the semiconductor constituting 
the surface semiconductor layer, the electric charge q, 
the magnitude of the voltage V d to be applied to the 
source/drain regions, a built-in voltage V bj and the like. 
For example, even if the impurity concentration N a of 
the well is set to be 6 X 1 0^cnrr 3 , th width W dep , of th 
depleted layer changes in accordance with (the drain 
voltage V d ) - (the bias voltage V w of the well) as shown 
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in Fig. 10. Therefore, in addition to the above tormula, 
the width W^p, of the depleted layer must satisfy the 
following relationship: 

[0020] The surface semiconductor layer in the SOI 
substrate includes at least one well. The well may be a io 
p-type or n-type well. The concentration of the well may 
be suitably adjusted by considering the characteristics 
of the semiconductor to be obtained. The concentration 
of the well may be, for example, in the order of 10 16 to 
10 18 ions/cm 3 . 

[0021] The well is completely isolated from a region 
of the surface semiconductor layer other than the weii. 
This complete isolation of the well may be achieved by 
the LOCOS method in which a LOCOS oxide film is 
formed to extend from the surface of the surface semi- 
conductor layer to the buried oxide film, i.e. a LOCOS 
film having a thickness larger than the thickness of the 
surface semiconductor layer. Alternatively, the complete 
isolation of the well may be achieved by the trench de- 
vice isolation method in which a trench device isolation 
film is formed to extend from the surface of the surface 
semiconductor layer to the buried dielectric film by form- 
ing a trench in a desired region of the surface semicon- 
ductor layer and forming/burying a dielectric film in the 
trench, followed by an optional planarization treatment. 
Still alternatively, the complete isolation of the well may 
be achieved by the mesa isolation method in which a 
desired region of the surface semiconductor layer is re- 
moved till the removed portion reaches the buried die- 
lectric film. The LOCOS method, the trench device iso- 
lation method, and the mesa isolation method may be 
carried out by utilizing a known process, such as a pho- 
tolithography process, an etching process, a CMP proc- 
ess, or the like. 

[0022] The well includes a well-contact for applying a 
predetermined bias voltage to the well. The number of 
well-contacts to be formed in one well may be adjusted 
in accordance with the size of the well, the number of 
transistors to be formed in the well, or the like. However, 
it is preferable that one well includes one well-contact 
in view of reduction of the area occupied by the device. 
[0023] The well-contact is typically a part of the well 
and may be formed by connecting an electrode to a con- 
tact region which is to become a suitable contact resist- 
ance. The contact region to be formed may have an im- 
purity concentration in the order of 10 20 ions/cm 3 or 
more. The electrode may be formed of any material as 
long as it is an electrically conductive material that may 
be generally used as an electrode or a wiring layer. 
[0024] A transistor is formed at the well in the surface 
semiconductor layer of the SOI substrate of the pres nt 
invention. The transistor includes a gate electrode 
formed via a gate oxide film and source/drain regions 



6 

formed in the surface semiconductor lay r on both sides 
of the gate lectrode. The gate oxide film may be form d 
with a material and a thickness such that it generally 
functions as a gate electrode. The gate electrode may 
be formed to a thickness of about 1 50 nm to about 300 
nm with a polysilicon; a silicide of a high melting point 
metal such as W, Ta, Ti, or Mo; a polycide made of such 
a silicide and polysilicon; another metal or the like. Here, 
the gate electrode may include a side wall spacer made 
of a dielectric film in view of lateral diffusion of an impu- 
rity for forming the later-mentioned source/drain r - 
gions. The source/drain regions may be formed to con- 
tain an impurity of a conductivity type opposite to that of 
the well at a concentration of about 1 x 10 20 to 1 x 10 21 
ions/cm 3 . Here, the source/drain regions may include a 
low concentration region such as an LDD structure, a 
region of the same degree of concentration, or a high 
concentration region at the end of the source/drain r - 
gion on the channel side and with a depth which is a 
little smaller than a junction depth of the source/drain 
regions. The depth of the source/drain regions may be, 
for example, about 70 nm to about 200 nm, although the 
depth may be suitably adjusted in accordance with th 
characteristics of the semiconductor device to b ob- 
tained or the like. 

[0025] The transistor formed at the well is isolated 
from another transistor by a device isolation film. The 
device isolation film may be formed by a known devic 
isolation method such as the LOCOS method, the 
trench isolation method or the like. Here, the device iso- 
lation film is formed only in the surface of the well, and 
is not formed to extend along the entire depth of the sur- 
face semiconductor layer. Also, the device isolation film 
is usually formed before the transistor is formed. How- 
ever, the above-mentioned process of complete isola- 
tion of the well may be performed after the device iso- 
lation film is formed, or alternatively, the device isolation 
film may be formed in the surface of the well after the 
process of complete isolation of the well is performed. 
[0026] With respect to the transistor in the SOI semi- 
conductor device of the present invention, the chann I 
region constituting the transistor is partially depleted, 
and the surface semiconductor layer under the source/ 
drain regions is fully depleted. Here, the partially deplet- 
ed layer of the channel region means that the channel 
region immediately under the gate electrode is uniformly 
depleted between the source/drain regions, while a por- 
tion of the surface semiconductor layer under the de- 
pleted region is not depleted. Also, the fully depleted lay- 
er under the source/drain region means that the portion 
of the surface semiconductor layer under the source/ 
drain regions is fully or completely depleted, namely, 
that the portion of the surface semiconductor layer from 
the junction interface of the source/drain regions to the 
interface between the surface semiconductor layer and 
the buried diet ctric film is fully depleted. 
[0027] By controlling th channel region to be partially 
depleted, the voltage applied to the well-contact istrans- 
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mitted to the non-depleted region to achieve the electric 
potential control ot the chann I region. Also, since the 
surface semiconductor layer under the source/drain re- 
gions isfully depleted, the capacitance generated by the 
depleted layer extending under the source/drain regions 5 
is connected to the capacitance of the buried dielectric 
film in series, so that the load capacitance of the tran- 
sistor may be reduced, thereby leading to low consump- 
tion of electric power and high speed operation of the 
device as a whole. 

[0028] Also, in the SOI semiconductor device of the 
present invention, the threshold voltage of the transistor 
can be controlled by applying a bias voltage to the well- 
contact and changing the bias voltage. By fixing the bias 
voltage to a predetermined constant voltage, it is possi- 
ble to improve the driving capability of the transistor in 
an active state (ON-state) or to reduce .the leak current 
or electric current consumption in a standby-state (OFF- 
state). As another technique, both the effect of improve- 
ment in the driving capability and the effect of reduction 
in the electric current consumption may be obtained by 
changing the voltage between the active state and the 
standby state. For example, the bias voltage may be se- 
lected within the range of about -2V to about 1 V. Spe- 
cifically, if the transistor is an NMOS, the bias voltage 
may be, for example, about the power voltage in the ac- 
tive state, and approximately 0 V in the standby state. 
If the transistor is a PMOS, the bias voltage may be, for 
example, about -0.5 V in the active state, and about the 
power voltage in the standby state. 
[0029] Hereafter, embodiments of the SOI semicon- 
ductor device of the present invention and the method 
for manufacturing the same will be explained with refer- 
ence to the attached drawings. 

[0030] Fig. 1 is a view showing a SOI semiconductor 
device of the present invention. The semiconductor de- 
vice is formed on a SOI substrate 10 including a buried 
dielectric film 2 and a surface silicon layer 3 formed on 
a supporting substrate 1 . The surface silicon layer 3 and 
the buried dielectric film 2 are formed to have a thick- 
nesses of about 1 80 nm and a thickness of about 50 to 
about 400 nm, respectively. 

[0031] The surface silicon layer 3 includes a P-well 1 1 
. and an N-well 21 each formed to have an impurity con- 
centration in the order of 10 16 to 10 18 ions/cm 3 . A well 
complete-isolation oxide film 4 having a thickness equal 
to or larger than the thickness of the surface silicon layer 
3 is formed between the P-well 11 and the N-well 21 so 
as to completely isolate the P-well 11 and the N-well 21. 
[0032] At the P-well 11, an NMOSFET 14 is formed 
including source/drain regions 12 and a gate electrode 
1 3 in an active region defined by the device isolation film 
5 for isolating the MOSFETs, and further a P-well-con- 
tact 15 is formed. At the N-well 21 , a PMOSFET 24 is 
formed including source/drain regions 22 and a gate 
electrode 23 in an active region d fined by the device 
isolation film 5 for isolating the MOSFETs. and furth r 
an N-well-contact 25 is formed. 



[0033] The source/drain regions 12, 22 are each 
formed to have a junction depth of about 150 nm, where- 
by a depleted layer (not shown) form d under the 
source/drain regions 1 2, 22 has a width of about 30 nm. 
[0034] Hereafter, the method for manufacturing the 
SOI semiconductor device of the present invention will 
be explained. 

[0035] Referring to Fig. 2, a SOI substrate 10 is 
formed by forming a buried dielectric oxide film 2 of 
about 100 nm thickness and a surface silicon lay r 3 of 
about 180 nm thickness on a supporting substrate 1 
made of p-type silicon. 

[0036] The SOI substrate 10 is thermally oxidized at 
a temperature of 800°C or more to form a thermal oxide 
film 26 of about 7 nm thickness on the surface of the 
SOI substrate 10. Then, a silicon nitride film 27 of about 
80 nm thickness and a photoresist 28 are deposited on 
the thermal oxide film 26, followed by a photolithography 
and etching process to pattern the photoresist 28 into a 
desired shape. With this photoresist 28 used as a mask, 
the silicon nitride ftlm 27 is dry-etched to leave a portion 
of the silicon nitride film 27 at a desired location by uti- 
lizing a gas containing a mixture of CHF 3 and SF 6 . 
[0037] Then, the photoresist 28 is removed, and ther- 
mal oxidation is performed at a temperature of 1000°C 
or more to form a device isolation film 5 that does not 
reach the depth of the surface silicon layer 3, as shown 
in Fig. 3. This means that the surface silicon layer 3 is 
not oxidized to its entire depth. Further, a well-contact 
15 is formed, followed by removal of the silicon nitride 
film 27 by using phosphoric acid. 
[0038] Subsequently, the obtained SOI substrate 10 
is thermally oxidized again at a temperature of 800° C 
or more to form a thermal oxide film 36 of 10 nm thick- 
ness on the surface of the SOI substrate 10, as shown 
in Fig. 4. Then, a silicon nitride film 37 of about 20 nm 
thickness and a photoresist 38 are deposited on the 
thermal oxide film 36, followed by a photolithography 
and etching process to pattern the photoresist 38 into a 
desired shape. With this photoresist 38 used as a mask, 
the silicon nitride film 37 is dry-etched to leave a portion 
of the silicon nitride film 37 at a desired location by uti- 
lizing a gas containing a mixture of CHF 3 and SF 6 . 
[0039] . Then, the photoresist 38 is removed, followed 
by thermal oxidation at a temperature of 1 000°C or more 
to form a well complete-isolation film 4 that reaches the 
depth of the surface silicon layer 3, as shown in Fig. 5. 
This means that the surface silicon layer 3 is oxidized 
to its entire depth. Thereafter, the silicon nitride film 37 
is removed by using phosphoric acid. 
[0040] Next, boron ions and phosphorus ions ar im- 
planted into a P-well formation region 11a and an N-well 
formation region 21a, respectively, by a known m thod 
with an acceleration energy of about 60 keV and a dos- 
age of about 7 x 10 12 cm" 2 , so as to form a P-well 11 
and an N-well 21 having a final impurity concentration 
of about 6 X 10 17 cnr 3 . 

[0041] Subsequently, a gate dielectric film of about 1 0 
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nm thickness by thermal oxidation at around 800°C and 
a polysilicon film of about 200 nm thickness are formed, 
followed by dry etching using an HBr-based or HCI- 
based etching gas to form gate electrodes.1 3, 23 having 
a desired shape. With these gate electrodes 1 3 t 23 used 
as a mask, phosphorus ions for the NMOS, for example, 
are implanted with an acceleration energy of about 60 
keV and a dosage of about 5 x 1 0 15 cm" 2 to form source/ 
drain regions 12, 22 having a junction depth of about 
150 nm, thereby completing a SOI semiconductor de- 
vice including the NMOSFET 14, the PMOSFET 24 and 
the like, as shown in Fig. 1. 

[0042] This process realizes a SOI semiconductor de- 
vice in which the surface semiconductor layer at the 
channel region is partially depleted and the surface 
semiconductor layer at the source/drain regions is fully 
depleted. 

[0043] In the SOI semiconductor device manufac- 
tured by the above process, electric current-voltage 
characteristics of the NMOSFET were measured when 
bias voltages V w within the range of 0 to 0.6V were ap- 
plied to the well-contact of the P-weli. The results are 
shown in Fig. 6. Here, Fig. 6 shows a view showing 
measurement results obtained under a condition of 
= 0.6 V using a MOSFET with a gate length of 0.35 jxm 
and a gate width of 2 um 

[0044] From Fig. 6, it will be understood that the 
threshold voltage of the transistor may be controlled by 
applying a bias voltage to the well-contact and increas- 
ing the bias voltage, namely, that the degree of freedom 
in the drain current may be increased by changing the 
bias voltage. 

[0045] Therefore, the threshold voltage in the active 
state may be made smaller than the threshold voltage 
in the standby state by applying different bias voltages 
to the well between the active state and the standby 
state in the n-type MOS transistor of the SOI semicon- 
ductor device of the present invention, namely, by ap- 
plying a high bias voltage V w (for example, 0.6 V) in the 
active state and applying a low voltage V w (for example, 
0 V) in the standby state, as shown in Fig. 7. In accord- 
ance with the decrease in the threshold voltage, the 
drain current obtained by application of the same volt- 
age as the power voltage V dd to the gate voltage Vg«. 
may be increased (point A in Fig. 7). This shows that the 
driving capability, of the SOI semiconductor device may 
be improved. 

[0046] In addition, the threshold voltage in the stand- 
by state may be made larger than the threshold voltage 
in the active state. In accordance with the increase in 
the threshold voltage, the drain current obtained by ap- 
plying 0 V to the gate voltage V gs may be decreased 
(point X (about 1 00 p A/ujti) to point Y (about 0. 1 p A/ujti) 
in Fig. 7), thereby reducing the electric current con- 
sumption in the standby state. 

[0047] Furth r, the effect of preventing increase in the 
cell ar a was studied in the SOI semiconductor device 
of the present invention. Namely, in the sam manner 
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as the above Example, one or more NMOSFETs and 
one we II -contact were formed in a P-well to measure the 
change in th relative ratio of the area occupied per one 
NMOSFET when the number of NMOSFETs per one 
5 well-contact is increased. This measurement was car- 
ried out using an NMOSFET with a gate length of 0.35 
u/n and a gate width of 5.0 ujti. The result is shown in 
Fig. 8. 

[0048] In view of the area occupied by the device iso- 

10 lation film, the relative ratio of the area occupied by one 
NMOSFET was represented by a ratio relative to one 
body-contact, namely, (area occupied by one NMOS- 
FET when a well-contact is used)/(area occupied by one 
NMOSFET when a body-contact is used), since one 

is body -contact is always required to one NMOSFET. 
[0049] Also, for comparison, measurement was car- 
ried out for the ratio of the area occupied by one NMOS- 
FET when neither the well-contact nor the body-contact 
was formed relative to the area occupied by one NMOS- 

20 FET when the body contact was used. The relative ratio 
was found to be approximately 0.74. 
[0050] From the measurement result shown in Fig. 8, 
it will be understood that the cell area may be reduc d 
by about 20% or more when four or more NMOSFETs, 

25 for example, are controlled by one well-contact, as com- 
pared with the case in which a semiconductor device 
using a body-contact is formed. 

[0051] Therefore, the SOI semiconductor devic of 
the present invention makes it possible to keep the in- 
30 crease in the cell area to the minimum as compar d with 
a conventionally-used semiconductor device including 
a body-contact. 

[0052] Also, the load capacitance in the SOI semicon- 
ductor device of the present invention was studied. 

35 [0052] Referring to Fig. 9, the capacitance of th de- 
pleted layer 6, coupled with the capacitance of the bur- 
ied dielectric film 2, can be greatly reduced by adjusting 
the thickness T si of the surface silicon layer 3 to b 
smaller than a sum of the junction depth Xjof the source/ 

40 drain regions 1 2 and the width W dep( of the depleted lay- 
er 6 formed thereunder in the NMOSFET, for example, 
by setting the thickness T^ of the surface silicon layer 3 
to be about 1 80 nm, setting the depth Xj of the source/ 
drain regions 12 to be about 150 nm, and setting the 

45 width W dep) of the depleted layer 6 to be about 30 nm. 
This leads to reduction in the load capacitance of the 
transistor and further to the achievement of high speed 
operation of the device as a whole. 
[0054] Further, the SOI semiconductor device of th 

so present invention includes a well complete-isolation film 
for providing complete isolation between the wells, as 
shown in Figs. 11(a) to 11(c). Therefore, generation of 
a parasitic thyristor caused by contact of the N-well and 
the P-well can be prevented, thereby suppressing a 

ss latch-up in the semiconductor device. 

[0055] Alternatively, the well complete-isolation film 
can also be formed by the trench isolation method in- 
stead of the above-mentioned LOCOS method. 
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[0056] First, the surface silicon layer in the SOI sub- 
strate is thermally oxidized to form an oxide film in the 
surface of the surface silicon layer, and then a silicon 
nitride film is deposited. Subsequently, by a photolithog- 
raphy and etching process, an opening is formed at a 
region of the silicon nitride film where a well complete- 
isolation film is to be formed. Then, an oxide film such 
as TEOS is deposited in the opening. Thereafter, the 
surface of the oxide film is planarized by the CMP meth- 
od or the like, followed by removal of the silicon nitride 
film with phosphoric acid to form the well complete-iso- 
lation film by trench isolation. 

[0057] Still alternatively, the well complete-isolation 
film may be formed by the mesa isolation method in- 
stead of the above-mentioned LOCOS method or trench 
isolation method. First, by a photolithography process, 
a resist mask is formed which is open at a desired region 
in the surface silicon layer of the SOI substrate. With 
this resist mask used as a mask, the surface silicon layer 
at the desired region for isolation is removed by the dry- 
etching method using an HBr-based or HCI-based gas, 
so as to completely isolate the wells by mesa isolation. 
[0058] According to the present invention, the thresh- 
old voltage of the transistor can be dynamically control- 
led by utilizing the well-contact. This can reduce the 
electric current consumption in the standby state while 
maintaining the high driving capability in the active state. 
[0059] In addition, while realizing the improvement in 
the driving capability and reduction in the electric current 
consumption, the cell area can be reduced to the mini- 
mum without increase in the area occupied by the de- 
vice such as in the case of a conventional four-terminal 
device, thereby achieving a highly efficient and highly 
integrated semiconductor device. 
[0060] Also, the surface semiconductor layer has a 
thickness smaller than the sum of the junction depth of 
the source/drain regions and the width of the depleted 
layer formed thereunder. Therefore, the capacitance of 
the depleted layer is connected to the capacitance of 
the buried oxide film in series, whereby the load capac- 
itance of the transistor is considerably reduced, achiev- 
ing a high speed operation of the device. 
[0061] Further, since the well is completely isolated 
from other regions in the surface semiconductor layer, 
the generation of a parasitic thyristor, which is present 
in a conventional twin-well device, can be prevented, 
thereby achieving a latch-up free structure. 
[0062] Although the present invention has fully been 
described by way of example with reference to the ac- 
companying drawings, it is to be understood that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the 
invention, they should be construed as being included 
therein. 
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Claims 

1 . A SOI semiconductor device comprising: 

a SOI substrate in which a buried di I ctricfilm 
and a surface semiconductor layer are laminat- 
ed; 

at least one well formed in the surface semicon- 
ductor layer; and 

at least one transistor which is formed in the 
well and has a channel region and source/drain 
regions in the surface semiconductor layer, 
wherein the well is completely isolated in the 
surface semiconductor layer and has a well- 
contact for applying a bias voltage to the well, 
the transistor is isolated by a device isolation 
film formed in a surface of the surface semicon- 
ductor layer, the channel region is partially d - 
pleted, and the surface semiconductor lay r 
under the source/drain regions is fully depleted. 

2. A semiconductor device according to claim 1, 
wherein the surface semiconductor layer has a film 
thickness T^^i which is smaller than or equal to a 
sum of a depth X,- of the source/drain regions and a 
width W^epi of the depleted layer under the source/ 
drain regions from a junction interface and larger 
than or equal to 1 00 nm, and a junction capacitance 
of the source/drain regions is connected to a capac- 
itance of the buried dielectric film in series in a film 
thickness direction. 

3. A semiconductor device according to claim 1 or 2, 
wherein the transistor is controlled a threshold volt- 
age by changing the bias voltage applied to the well- 
contact. 

4. A method for manufacturing a SOI semiconductor 
device according to claim 1 , wherein complete iso- 
lation of the well is achieved by forming a dielectric 
film that reaches the buried dielectric film in a pre- 
determined region of the surface semiconductor 
layer. 
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Fig. 8 
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Fig. 11(a) 
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